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Five patients with pulmonary embolism, in whom right-
sided intracardiac thromboembolus was detected by
echocardiography and confirmed by either angiography,
surgery or postmortem examination, are described. One
of these patients died from massive pulmonary embolism
after right heart catheterization. In two patients treated
medically, either partial or total lysisof the thromboem-
bolus was demonstrated echocardiogrllphically; in an-
Emboli from the systemic veins rarely terminate in the
chambers of the right side of the heart; most pass through
these chambers to lodge in the pulmonary artery system.
However, a few cases have been reported in which a large
embolus has obstructed the outflow tract of the right ven-
tricle (1,2) or "lodged" in the tricuspid orifice (3,4), caus-
ing obstruction and sudden death. Several investigators have
mentioned emboli trapped in the chordae tendineae of the
tricuspid valve (3,5-8) and in anomalies of the right atrial
venous valves (including Chiari' s network) (9, 10). A recent
report (II) described a patient with the clinical features of
massive pulmonary embolism, in whom a coiled thrombus
was found in the right atrium and right ventricle, one end
of which had become wedged in a probe-patent foramen
ovale. The fact that Wartmann and Hellerstein (2) found
four cases of massive fatal thromboembolism to the right
ventricle in a series of 2,000 consecutive autopsies suggests
that the phenomenon may be more common than indicated
by the general experience reported to date.
Reports from several clinical laboratories (12-16) indi-
cate that two-dimensional echocardiography is the preferred
method for detecting intracardiac thrombi. However, only
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other two patients, the right atrial thromboembolus was
successfully removed surgically. Typical locations and
echocardiographic characteristics of right-sided throm-
boemboli are described. The potential usefulnessof two-
dimensional echocardiography in both the diagnosis and
the management of patients with right-sided intracardiac
thromboembolism is discussed.
a few cases in which two-dimensional echocardiography
identified right-sided cardiac intracavitary thromboembolus
in pulmonary embolism have been reported (II, 17-23). In
this report, we describe the findings in five additional pa-
tients with documented right atrial thromboembolism that
illustrate the potential usefulness of echocardiographic ex-
amination for both the initial diagnosis and the subsequent
management of such patients.
Methods
Echocardiography. M-mode echocardiograms were
obtained in a standard fashion, using a SKI-20A <Smith-
Kline Instruments) ultrasonoscope and recorder coupled with
a 2.25 MHz transducer. Two-dimensional echocardiograms
were obtained with either an ATL Mark III mechanical
sector scanner (Advanced Technology Laboratories) with a
3.0 MHz transducer or a Varian model 3000 phased array
sector scanner (Varian Associates) with a 2.5 MHz trans-
ducer. A systematic examination was performed utilizing
parasternal, apical and subcostal windows (24). The images
were permanently recorded on tape for further analysis. The
illustrations presented in this report were obtained from 35
mm photographs of stop action, single frame images from
the video tape recordings.
Patients
Case 1. This 65 year old man presented with a 10 day
history of orthostatic dizziness and intermittent syncope.
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Physical exmaination revealed a supine blood pressure of
90170 mm Hg and pulse rate of loo/min . There was a prom-
inent right-sided third heart sound . No murmurs were heard .
The electrocardiogram showed sinus tachycardia.
An ,H·mode echocardiogram (Fig . 1) demonstrated right
ventricular dilation (3.4 ern). Dense echoes were seen on
the right atrial aspect of the tricuspid valve, indicating a
right atrial mass that prolapsed into the right ventricle during
diastole .
The patient was taken to the cardiac catheterization lab-
oratory where right-sided intracardiac pressures were ele-
vated. A right atriogram demonstrated a large unattached
serpentine clot in the right atrium, which intermittently passed
through the tricuspid valve into the right ventricle. Thirty
minutes after the angiographic examination, the patient sud-
denly developed severe shock and subsequent cardiac arrest
and died .
Autopsy findings showed both old and new pulmonary
emboli with complete obstruction of the left and right main
pulmonary arteries. The right atrium and right ventricle were
free of thrombus; the right atrial thrombus that had been
noted IJn echocardiography and angiography had apparently
embol ized to the pulmonary arterie s.
Case 2. This 73 year old woman was hospitalized 6
weeks after hip surgery for dyspnea and signs of progressive
congestive heart failure . On physical examination, blood
pressure was 110/60 mm Hg and the pulse was 82/min .
Rales were present in both lower lung fields. Jugular venous
distension, positive hepatojugular reflux, hepatomegaly and
pedal edema were present. The electrocardiogram showed
sinus rhythm, left axis deviation and nonspecific ST and T
wave changes. The chest X-ray film showed borderline car-
diome galy and clear lung fields. A radionuclide lung per-
fusion scan revealed multiple large perfusion defects in both
lung fields.
An M-mode echocardiogram demonstrated right ventric-
ular dilation and paradoxical septal motion . A right atrial
mass that prolapsed into the right ventricle during diastole
was seen. Two-dimensional echocardiography (Fig. 2) dem-
onstrated a multi lobulated, mobile, right atrial mass . A su-
perior vena cava angiogram showed multiple serpentine or
lobulated filling defects in the right atrium.
The patient was then treated with intravenous heparin
for 4 days. followed by oral sodium warfarin. A repeat
echocardiogram 12 days later demonstrated complete res-
olution of the right atrial mass, In the interim, the patient
had no clinical symptoms to suggest embolization.
Case 3. This 30 year old man with a past history of
recurrent deep venous thrombosis and pulmonary embolism
was hospitalized for evaluation of chest and right calf pain .
Physical examination demonstrated a blood pressure of 135/85
mm Hg and a heart rate of 88 beats/min. The lungs were
clear, but on auscultation the pulmonary component of the
second heart sound was increased . There were no clinical
signs of thrombophlebitis. The electrocardiogram and chest
Xvray film were within normal limits .
Two-dimensional echocardiography (Fig. 3) revealed right-
sided dilation. A small echo -dense mass was noted at the
junction of the inferior vena cava and right atrium, with an
attached larger but less echo-dense mobile mass trailing into
the right atrium. Right heart catheterization demonstrated
pulmonary hypertension with a pressure of 72/25 mm Hg
(mean 45) . A bilateral pulmonary arteriogram was not di-
agnostic for pulmonary embolism.
The patient was given streptokinase,followed by a 5 day
course of heparin. Repeat two-dimensional echocardiog-
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Figure l. Case I. M-mode echocardiogram
of the tricuspid valve. An echo-dense irreg-
ular mass (large arrow) is seen on the right
atrial (RA) aspect of the tricuspid valve (TV)
and intermittently follows the tricuspid valve
(small arrow) into the right ventricle (RV)
during diastole . ECG = electrocardiogram.
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Figure 2. Case 2. Two-dimensional echocardiogram in the para-
sternal short-axis view (A) and accompanyingdiagram (B). There
is an echo-dense mass (arrow) in the right atrium. The base of
this mass appears to be attached at the angle betweenthe interatrial
septum and the tricuspid anulus. The mass was extremely mobile
and prolapsed through the tricuspid valve into the right ventricle
(RV) during diastole on real time imaging. LA = left atrium.
raphy indicated a slight diminution of the echo-dense mass
at the inferior vena cava-right atrial junction, with complete
resolution of its mobile right atrial extension (Fig. 4). An
inferior vena cava angiogram demonstrated a 2.4 X I em
filling defect at the junction of the inferior vena cava and
hepatic vein just inferior to the right atrium.
The patient was then given oral warfarin (Coumadin).
Exploratory surgery was proposed, but refused by the pa-
tient. He died suddenly a few months later. At autopsy, an
organized thrombus at the eustachian valve (Fig. 5) and
massive pulmonary embolism in the early organization phase
were found.
Case 4. This 22 year old man was hospitalized after a
2 week history of rapidly progressive dyspnea on exertion
and one episode of momentary loss of consciousness. Phys-
ical examination demonstrated a blood pressure of 125170
mm Hg and pulse rate of lIS/min. The lungs were clear,
but the pulmonary component of the second heart sound
was increased and a right-sided third heart sound was pres-
ent. The electrocardiogram showed sinus tachycardia, right
axis deviation and right ventricular strain pattern.
Two-dimensional echocardiography (Fig. 6) demon-
strated a mobile, multiloculated serpiginous mass within the
right atrium, which intermittently protruded into the right
ventricle and occasionally even into the right ventricular
outflow tract. During most of the cardiac cycle, the structure
was seen swirling within the right atrium.
Figure 3. Case 3. Two-dimensional echocardiogram (A) and ac-
companying diagram (B) in a modified subcostal four chamber
view. A small echo-dense mass (large arrow) is seen at the
junction of the inferior vena cava and right atrium with an attached
mobile mass of less echo density (small arrows) in the right
atrium. On real time imaging, the less echo-denseright atrial mass
was mobile but clearly attached to the more echo-dense mass. RV
= right ventricle.
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Figure 4. Case 3. Two-dimensional echocardiogram (A) and ac-
companying diagram (B) in a modified subcostal four chamber
view after treatment with heparin and streptokinase. There is still
an echo-dense mass at the junction of the inferior vena cava and
the right atrium (arrow). The less echo-dense mobile right atrial
portion described in Figure 3 is no longer present. RV = right
ventricle.
The patient developed an episode of syncope, severe hy-
potension and cyanosis . Urgent surgery was believed to be
indicated. At surgery, the right atrium and ventricle revealed
no masses, so the main pulmonary artery segment was opened.
A large embolus straddling the bifurcation was removed
(Fig. 7). The patient's hemodynamic status improved dra-
matically after surgery. and his postoperative clinical course
was uneventful.
Case 5. This 17 year old woman was hospitalized for
hypertension and chronic renal failure secondary to systemic
lupus erythematosus . She also had complaints of pleuritic
chest pain. Physical examination demonstrated a blood pres-
sure or 2201120 mm Hg and a pulse rate of 80/min . The
lungs were clear, and cardiac examination was normal. There
was no clinical evidence of thrombophlebitis. The electro-
cardiogram revealed sinus rhythm and nonspecificST changes.
The chest X-ray film showed mild cardiomegaly and clear
lungs. A ventilation-perfusion radionuclide lung scan dem-
onstrated evidence for lobar perfusion defect with normal
ventilation .
Two-dimensional echocardiography (Fig. 8) revealed di-
lation of the right atrium and ventricle . A mobile right atrial
mass was attached by a broad base to the interatrial septum
in the area of the foramen ovale. This mass was lobulated ,
rather than serpentine, and heterogeneous in echo density .
During diastole, it followed the tricuspid valve into the right
ventricle.
Because anticoagulation therapy was relatively contrain-
dicated, surgical exploration was advised. At surgery , right
atrial enlargement was present , and an organized thrombus
was found attached to the interatrial septum at the membrane
of the anatomically sealed foramen ovale . The thrombus
was removed, and microscopic examination revealed an
organizing mural thrombus. Within this thrombus, calcifi-
cation and inflammatory cells were noted . Gram stains,
periodic acid-Schiff stains and methion ine silver stains, as
well as cultures, were negative for organisms. The post-
operative clinical course was uneventful.
Discussion
The major source of pulmonary embolism is deep venous
thrombosis of the lower limbs or pelvis. Because these em-
boli pass through the right side of the heart, they may be
temporarily or permanently trapped in or attached to right
heart structures. Although pulmonary angiography is an ac-
curate method for the diagnosis of pulmonary embolism, it
does not outline the right-sided cardiac chambers. Earlier
Figure 5. Case 3. Pathologic specimen at the junction between
the inferior vena cava (lVC) and the right atrium. An organized
partly polypoid thrombus (large arrows) is attached to the eus-
tachian valve.
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Figure 6. Case 4. Two-dimensional echocardiogram(A) and ac-
companying diagram (B) in a modified apical four chamber view.
There is an echo-dense mass (arrow) in the right atrium behind
the tricuspidvalve. This was a multiloculated serpiginousstructure
that occasionally moved through the tricuspid valve and even into
the right ventricular (RY) outflow tract at times in real time im-
aging. LY = left ventricle.
pathologic findings (2) indicate that the incidence of right
atrial thromboembolism may be higher than the reported
general experience suggests . We have described five pa-
tients in whom right-sided intracavitary thromboembolism
was recognized by echocardiography and confirmed by an-
giography, surgery or postmortem examination. Our find-
ings indicate that two-dimensional echocardiography allows
a specific diagnosis of right heart thromboembolism. In
addition, it may obviate the need for potentially hazardous
invasive procedures and assist in directing subsequent
management.
Figure 7. Case 4. The surgically removed pulmonary embolus is
typically large and coiled with a rope-like appearance caused
by the semilunar indentations conforming to the contour of sys-
temic veins.
Location. Systemic venous thromboemboli demonstrate
a predilection to become entrapped in specific right-sided
heart structures. The eustachian valve at the junction of the
inferior vena cava and right atrium is one location where
emboli may become lodged, as noted in our Patient 3 . Serial
echocardiographic studies and the clinical course suggested
that this organized thrombus served as a nidus for further
thromboembolic events that presumably led to this patient's
death .
Right-sided thromboembolus may also become wedged
in a probe-patent foramen ovale (II ). In Patient 5, a throm-
bus was attached to the interatrial septum at the membrane
of an anatomically sealed foramen ovale. Calcification was
noted in this thrombus, accounting for its echocardiographic
heterogeneity and suggesting that it was present for some
time before detection. Perhaps abnormalities of the intrinsic
thrombolytic process of the endothelium secondary to sys-
temic lupus erythmatosis in this patient allowed the persist-
ence of an entrapped thrombus (25).
The tricuspid orifice or the chordae tendineae of the
tricuspid valve may also be the site for entrapment of sys-
temic venous thromboembolism (3,5-8) . There have been
occasional instances in which large emboli have "lodged"
in the tricuspid orifice (3,4) or the right ventricular outflow
tract (1,2) and caused obstruction and sudden death.
Echocardiographic Findings
M-mode echocardiography. Several experimental and
clinical M-mode echocardiographic studies (26-28) have
demonstrated indirect signs of pulmonary embolism, such
as dilated pulmonary arteries , paradoxical ventricular septal
motion and an increased ratio of right to left ventricular
end-diastolic diameters. There are, however, few reports
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Figure 8. Case 5. Two-dimensional echocardiogram in the sub-
costal lour chamber view (A) and accompanying diagram (B).
There I ~ an echo-dense mass in the rightatrium(arrow) . The mass
appeared to be attachednear the mid-point of the interatrial septum
andfollowed the tricuspid valveintothe rightventricle (RV)during
diastole on real time imaging. LV = left ventricle.
(15,29·-31) of direct M-mode echocardiographic detection
of thrombi attached to right heart structures. Right atrial
thromboemboli from systemic veins may have typical M-
mode characteristics. Because of their formation in periph-
eral veins, they typically have a ropelike or serpentine ap-
pearance (Fig . 7). They are often partially attached in lo-
cation s previously described and have freely mobile portion s
that can be detected prolapsing into the right ventricle during
diastole (Fig . I) .
Two-dimensional echocardiography. This technique
provide s the necessary spatial orientation in a real time
format to allow complete examination of right heart struc-
tures tor entrapped systemic thromboemboli . Although
standard parasternal , apical and subcostal acoustic windows
are necessary for a complete examination of the right heart
structures , various modifications must be made for optimal
visualization of right-sided structures that may harbor
thromhoemboli.
The eustachian valve at the junction between the inferior
vena cava and right atrium is best imaged through the sub-
costal acoustic window by rotating the sector to provide a
longitudinal view of the inferior vena cava as it enters the
right atrium (Fig . 3 and 4). The interatrial septum can be
seen from several acoustic windows , including the para-
sternal or subcostal short-axis views at the level of the aortic
valve, and apical or subcostal four chamber views.
The tricuspid valve and its chordae tendineae can be
imaged in the parasternal short-axis view at the aortic valve
level or on medial angulation from the parasternal long axis .
The apical four chamber view obtained by positioning the
scan head several centimeters medial to the usual apical
acoustic window is also helpful as is the subcostal four
chamber view. The right ventricular outflow tract, infun-
dibulum and pulmonary valve can be imaged from the
parasternal or subcostal short-axis views at the aortic valve
level. Frequently, right heart masses cannot be unequivo-
cally diagnosed from one acoustic window or plane . Hence,
documentation of a right heart mass on more than one view
should be emphasized .
Mobile portions ofthromboembolus. Usually only a por-
tion of the thromboembolus is attached to the right side of
the heart at one of the locations just mentioned; other por-
tions are free to move within the right heart chambers. It is
these freely mobile portions that allow correct identification
with two-dimensional echocardiography. These mobile por-
tions follow the course of flowing blood in a chaotic manner
in contra st to myomas, which are usually consistent in their
pattern of motion for each cardiac cycle. These mobile por-
tions intermittently cross the tricuspid valve into the right
ventricle during diastole, only to be propelled back to the
right atrium during systole.
Patient 3 in our series demonstrated two distinct echo-
cardiographic portions of the initially detected thromboem-
bolus. A small "fixed" thrombus was attached to the eu-
stachian valve at the junction of the inferior vena cava and
right atrium and was connected to a larger, mobile, less
echo-dense mass in the right atrium. This echocardiograph-
ically heterogeneous thrombus may be the result of varying
chronologie states of thrombus formation. Two similar
echocardiographically distinct portions of thrombus have
been produced in a canine model of acute apical left ven-
tricular thrombus (14). The fixed, more echo-dense portion
consi sts of early thrombus formation characterized by typ-
ical platelet fibrin columnation with leukocyte margination,
while the mobile, less echo-dense portion consists of red
cells intersected by delicate fibrin stands ("red tail") . The
clinical response of this patient to intravenous streptokinase
suggests that the low density , mobile portion of thrombus ,
which presumably consisted of red cells in a fine fibrin mesh,
was more recent and hence more easily lysed than the more
echo -dense thrombus.
Avoidance of false positive studies. Several other car-
diac abnormalities as well as artifact may account for right
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heart masses on two-dimensional echocardiography . These
include vegetations, tumors, various tricuspid valve abnor-
malities, eustachian valves, Chiari 's networks and artifacts.
Vegetations can usually be differentiated from thromboem-
boli on M-mode echocardiography since they are attached
directly to the valve and typically have a "shaggy" echo-
cardiographic appearance (32). On two-dimensional echo-
cardiography, vegetations often appear as rapidIy oscillating
masses, again directly attached to the valve tissue (33) .
Myxomas are mottled, ovoid , sharply demarcated and dis-
playa consistent pattern of motion during each cardiac cycle.
They are usually attached to the area of the fossa ovalis or
the floor of the right atrium and not the tricuspid valve.
They typically follow the tricuspid valve into the right ven-
tricle during diastole. Ruptured chordae of the tricuspid
valve or flail tricuspid valve leaflets can be ruled out by
demonstrating normal echo density and motion of the tri-
cuspid valve and its chordal structures . The eustachian valve
as noted in Patient 3 may serve as an area for entrapment
for right-sided thromboembolism, but its typical location
and lack of independent motion usually allow correct
identification .
Chiari's network. Chiari's network may be particularly
difficult to distinguish from right-sided thromboemboli when
it is redundant. In our experience, this structure is most
readily imaged from the subcostal approach by orienting the
tomographic plane to obtain a longitudinal image of the
inferior vena cava as it enters the right atrium . The network
courses from the inferior vena cava toward the interatrial
septum near the tricuspid valve anulus. When redundant, it
may demonstrate considerable mobility, making differen-
tiation from thromboemboli difficult. The typical location
of this structure is helpful in its correct identification. In
addition, the mobile portions of a redundant Chiari's net-
work are not reported to cross the tricuspid valve into the
right ventricle (34). In our experience, as observed in Pa-
tients 2 and 3, right heart thromboemboli either change or
disappear with anticoagulation. Thus, anticoagulation may
serve as a diagnostic as well as a therapeutic intervention .
Artifacts. Differentiation of an intracavitary mass from
artifactual images depends on a knowledge of the normal
anatomy, echocardiographic planes and certain technical
pitfalls . Normal anatomic structures including the eusta-
chian valve, Chiari's network , tricuspid valve and its sup-
porting structures and right ventricular trabeculations must
be correctly identified. Multiple views are needed to assess
the three-dimensional anatomy and correctly identify axial
reverberation and lateral resolution artifact. Because of beam
width and increased echo density of the right ventricular
outflow tract and tricuspid anulus , artifact from these struc-
tures occasionally can appear to be within a right heart
chamber. Multiple views should establish the true nature of
such echoes as artifact. In addition, their motion should
parallel the motion of these structures and not be chaotic.
Of course, proper gain and reject settings are important in
avoiding false positive and negative examinations.
Clinical Implications
Although the sensitivity of two-dimensional echocardi-
ography has not been established, it appears reasonably
specific for right-sided thromboembolus, and may signifi-
cantly influence the approach to cardiac catheterization and
therapeutic interventions. When right-sided intracavitary
thromboembolus is noted, right heart catheterization and
pulmonary angiography may be hazardous (Patient I) and,
thus, contraindicated. In addition, because retained emboli
in the right heart chamber can be the source of catastrophic
thromboembolic phenomenon (as noted in two of our pa-
tients), aggressive treatment may be warranted, particularly
in patients who already have evidence for significant hemo-
dynamic compromise.
Thrombolytic therapy, Left ventricular thrombus
sometimes disappears rapidly with conventional anticoag-
ulant treatment (35,36) without evidence of embolization,
but its pathogenesis and natural history may be different
from those of right-sided thrombus. Thrombolytic agents
may be considered; for right-sided thromboembolism in one
of our patients, at least a portion of thrombus disappeared
after streptokinase therapy. This type of treatment, however,
may also be hazardous. Starkey and De Bono (II) believe
that streptokinase treatment led to further pulmonary em-
bolism after partial dissolution of a right-sided thrombus in
one of their patients, a possibility already recognized with
streptokinase treatment of peripheral venous thrombosis (37).
Surgery. In patients who already have a compromised
pulmonary vascular bed secondary to pulmonary emboli-
zation, the presence of right-sided thromboembolus is po-
tentially fatal and may constitute an indication for surgery.
If surgical therapy is employed, the preoperative identifi-
cation of intracavitary thromboembolism is important be-
cause its presence would call for complete exploration of
the right atrium and right ventricle with removal of retained
thromboembolus. Failure to remove retained right-sided
thromboembolus might jeopardize the success of the op-
eration by allowing recurrent postoperative thromboembolic
phenomena.
The appropriate treatment of right-sided cardiac masses
is dependent on the clinical setting. Two-dimensional echo-
cardiography is a readily applied noninvasive procedure and
its results may significantly alter the clinical approach to
patients with suspected pulmonary embolization. Prospec-
tive studies regarding the utility of this technique in such
patients are warranted .
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